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Review

Review of Volunteer Wheat (Triticum aestivum) Seedling Emergence and Seed
Longevity in Soil1

RANDY L. ANDERSON and GEOFF SOPER2

Abstract: Herbicide-resistant cultivars may improve some aspects of weed management in wheat.
However, negative consequences such as gene transfer among species, increased development of
resistant weeds, or less effective volunteer wheat control may result from their use. Therefore, we
reviewed literature on volunteer (self-sown) wheat seedling emergence and seed longevity in soil for
insight in managing herbicide-resistant wheat. Data from classical burial studies suggested that wheat
seeds were short-lived in soil, persisting less than 1 yr. Yet, in field studies, volunteer wheat seedlings
were still emerging 16 mo after harvest; occasionally, seedlings have been observed 2 yr after harvest.
Volunteer wheat emergence was extremely variable; causes of the variability are numerous and
include genotypic, environmental, and production factors. This variability makes it difficult to predict
volunteer wheat infestations in future years. Diverse cropping systems will enable producers to accrue
the benefits of herbicide-resistant cultivars and yet still manage wheat volunteers, minimize gene
flow by pollen, and avoid transfer of herbicide resistance. In regions where alternative crops are not
viable, a key concern will be controlling volunteers and gene transfer in the next wheat crop.
Nomenclature: Wheat, Triticum aestivum L.
Additional index words: Dormancy, environment, gene transfer, herbicide resistance.

INTRODUCTION

Current production systems for wheat have favored
the proliferation of difficult-to-control weeds. In win-
ter wheat, jointed goatgrass (Aegilops cylindrica Host)
in the United States and rigid ryegrass (Lolium rigi-
dum L.) in Australia are now common, whereas wild
oat (Avena fatua L.) continues to infest spring wheat
in North America. These weeds proliferate because
their life cycles are almost identical to that of wheat
(Anderson 1998a; Powles et al. 1997). Herbicides are
not always effective either because of genetic similar-
ities, such as those between winter wheat and jointed
goatgrass (Zemetra et al. 1998), or because weeds are
resistant to currently used herbicides (Friesen et al.
2000; Powles et al. 1998).

The recent development of herbicide-resistant crops
offers producers opportunities to control these weeds.
The use of glyphosate (Ogg and Isakson 2001) or ima-
zamox (Ball et al. 1999) will expand the spectrum of

1 Received for publication September 25, 2002, and in revised form Feb-
ruary 10, 2003.

2 Research Agronomist, USDA-ARS, 2923 Medary Avenue, Brookings, SD
57006; Scientist, SEAGREEN Research, Pannetts Road, 4RD, Christchurch,
New Zealand. Corresponding author’s E-mail: randerson@ngirl.ars.usda.gov.

weeds that can be controlled in wheat, including jointed
goatgrass and wild oat.

Yet, herbicide-resistant wheat may have negative con-
sequences. Crop seeds dispersed during harvest can es-
tablish as volunteers during intervals between crops. A
critical component of semiarid wheat production is stor-
age of precipitation in soil during noncrop periods (Pe-
terson et al. 1993). No-till systems, especially effective
in storing precipitation (Peterson et al. 1996), rely ex-
tensively on glyphosate for weed control during this fal-
low period. If wheat volunteers are resistant to glyphos-
ate, producers may till for volunteer control, primarily
for economic reasons; tillage will minimize the water
benefits gained with no-till production.

A second concern with herbicide-resistant volunteers
is the transfer of resistant genes to other plants. For ex-
ample, volunteer canola (Brassica napus L.) has been
found to be resistant to glyphosate, glufosinate, and im-
azethapyr. This phenomenon was attributed to pollen
flow among herbicide-resistant canola cultivars (Hall et
al. 2000). Although gene transfer by pollen flow was
expected with plants that naturally cross-pollinate, such
as the Brassica species, it was hypothesized that gene
transfer by self-pollinating species such as wheat would
be minimal (Powles et al. 1997). Yet, gene transfer also
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occurs with wheat. Imazamox resistance has been trans-
ferred from winter wheat cultivars to hybrids of jointed
goatgrass and winter wheat. This resistance transfer oc-
curred within 2 yr of the initial application of imazamox
and was attributed to pollen flow (Seefeldt et al. 1998).

An additional concern is the continuing development
of weeds resistant to herbicides (Powles et al. 1997).
Imazamox controls weeds by inhibiting the acetolactate
synthase enzyme. Several weed species common in win-
ter wheat, such as kochia [Kochia scoparia (L.) Schrad.]
and prickly lettuce (Lactuca serriola L.), are already re-
sistant to herbicides with this mode of action (Lyon et
al. 1996). Cross-resistance occurs with this class of her-
bicides (Mallory-Smith et al. 1999), so it is probable that
imazamox will favor the development of weeds resistant
to this mode of action. With glyphosate, it was believed
that development of resistance would be rare because of
its unique mode of action (Kishmore et al. 1992). Yet,
four weed species have been identified as resistant to
glyphosate (Heap 2002), including rigid ryegrass and
horseweed (Conyza canadensis L.), common weeds in
winter wheat.

Herbicide-resistant cultivars may expand weed man-
agement options in wheat, but we are concerned that
herbicide-resistant wheat may generate negative conse-
quences such as gene transfer to wild species, increased
weed resistance, or less effective volunteer wheat con-
trol. Therefore, we reviewed literature on volunteer
wheat seedling emergence and seed longevity in soil for
insight to guide management decisions with herbicide-
resistant wheat. Our goal is to suggest production strat-
egies that use herbicide-resistant cultivars without weak-
ening future weed management.

VOLUNTEER WHEAT ECOLOGY

Extent of Seed Loss in Wheat. Shedding of grain oc-
curs naturally in wheat at maturation. This natural shed-
ding, where kernels fall or ‘‘shatter’’ from the spikelet,
is further accentuated during harvest operations. G. So-
per (unpublished data), summarizing field surveys in the
U.K., found that harvest losses of wheat averaged 2%
of yield, with 95% of the surveyed on-farm cases re-
cording grain losses of less than 6%. Grain loss during
harvest also varies with type of combine harvester; Ko-
matsuzaki and Endo (1996), summarizing field surveys
in Japan, reported that grain loss at harvest was greater
with head-feeding (also known as stripper header) com-
bines compared with combines with conventional grain
headers. Loss of grain during harvest occurs both with

grain entry at the cutter bar and with screenings discard-
ed after threshing (Hughes 1974).

Natural shedding and shattering during harvest oper-
ations can leave a surprising number of wheat kernels
on the soil surface. For example, 2% grain loss at harvest
with a yield of 3,000 kg/ha and a 1,000-kernel weight
of 25 gm will leave approximately 240 kernels/m2. If
combine loss approaches 6%, more than 700 kernels/m2

could be left on the soil surface. An additional factor
affecting kernel density on soil is that combines vary in
dispersing screenings after threshing; some combines
concentrate screenings in a narrow band behind the com-
bine, whereas other combines are equipped with effec-
tive straw and chaff spreaders.

Seed Longevity After Shedding. Producers have long
noted that weed seeds persist in soil. To understand this
phenomenon, scientists conducted a series of experi-
ments known as the classical burial studies, where seeds
were buried in soil to determine their length of survival.
Whereas initial studies, such as Beal’s study (Darlington
1951), focused on weed seeds, later studies included
crop seeds. Longevity of wheat seed viability was eval-
uated by Duvel (1905) in Virginia, Kjaer (1940) in Den-
mark, and Lewis (1958) in Wales. With each study, crop
seeds were placed in retrievable containers, buried at
several depths in soil, and recovered at designated inter-
vals to determine seed survival. The studies showed that
wheat seeds generally persisted less than 1 yr, leading
the authors to conclude that ‘‘cereal grains are short-
lived in soil.’’

Seedling Emergence in Field Studies. Results from
field studies, however, contrast with the conclusion of
classical burial studies. In the U.S. Central Great Plains,
volunteer winter wheat seedlings emerged more than 15
mo after shedding at harvest (Anderson and Nielsen
1996). In the next growing season after wheat harvest,
volunteer wheat seedlings emerged from April through
October (Figure 1), with most seedlings emerging during
August and September. Averaged across 4 yr, more than
40 seedlings/m2 emerged after September 1, 14 mo after
wheat harvest. Other scientists also have observed vol-
unteer wheat (G. Wicks, personal communication) and
barley (Hordeum vulgare L.) seedlings 2 yr after harvest
(Davies and Wilson 1993).

The difference in seed longevity between field studies
and the burial studies may be attributed to three factors.
First, cereal grains require an after-ripening period be-
fore seeds can germinate (Hilhorst and Toorop 1997).
The process of after-ripening can last from 0 to 7 mo
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Figure 1. Seedling emergence pattern for volunteer wheat at Akron, CO.
Grain was harvested in early July, and seedling emergence was recorded the
following year, 9 to 15 mo later; the study was repeated across 4 yr. Dotted
line represents one standard deviation. (Adapted from Anderson and Nielsen
1996.)

Figure 2. Seedling emergence of volunteer wheat during fallow in no-till and
till systems at Akron, CO. Data collected from April 1 to November 1, 1988
through 1990. Asterisk signifies that means within a year differ at the 0.05
level of probability. (Adapted from Anderson and Nielsen 1996.)

depending on cultivar and environmental conditions
(Pickett 1989). In the classical burial studies, wheat
seeds were stored 6 to 9 mo before studies were started,
thus eliminating the effect of after-ripening on seed de-
velopment (J. Lewis, personal communication) (Duvel
1905; Kjaer 1940; Lewis 1958; Martin et al. 1976). In
field studies, the after-ripening period likely delayed ger-
mination and prolonged seed survival.

The second factor in the burial studies was that seeds
were buried at densities far in excess of natural occur-
rence in the soil seedbank. We suggest that the mass of
germinating seeds within containers provided an excel-
lent medium for microorganisms, thus enhancing micro-
bial decomposition of the remaining seeds and reducing
seed survival. The third factor is that precipitation levels
are higher at the classical burial locations than in the
semiarid regions where wheat is commonly grown.
Seeds likely decayed earlier in the more moist conditions
in the burial studies.

A striking characteristic of volunteer wheat emergence
in the field was its variability; seedling emergence
among years ranged from 28 to 423 plants/m2 (Anderson
and Nielsen 1996). One cause of this difference was till-
age; averaged across years, fivefold more seedlings
emerged in no-till than with tillage with a sweep plow.3

This effect is attributed to tillage within 1 mo after wheat
harvest, burying seeds in soil and stimulating seedling
emergence in the autumn after wheat harvest. Autumn
germination most likely reduced seedbank density of

3 A sweep plow comprises V-shaped blades that sever weed roots without
inverting soil, tilling to a depth of 5 to 8 cm.

volunteer wheat in the following growing season. Tillage
affects other grasses similarly; autumn emergence of
both jointed goatgrass and downy brome (Bromus tec-
torum L.) increased with tillage after harvest (Anderson
1998b).

Yet, volunteer wheat responded differently to tillage
in Australia; seedling density was almost 10-fold greater
with tillage during fallow than with no-till (Wicks et al.
2000). The authors attributed this trend to less favorable
conditions for germination and emergence in tilled treat-
ments during the early period of fallow. The contrast in
results between the two studies indicates that environ-
mental factors can modify the effect of tillage on seed-
ling emergence.

The difference in seedling emergence between no-till
and tillage in the Colorado study also varied among
years (Anderson and Nielsen 1996). In 1988 and 1989,
seedling emergence was more than sixfold greater in no-
till when compared with the tilled treatment; in contrast,
seedling density did not differ between tillage treatments
in 1990 (Figure 2). The difference in 1990 cannot be
attributed to rainfall anomalies; thus, we are unable to
explain the lack of tillage effect in 1990. Another vari-
ation was timing of volunteer wheat emergence in no-
till (Figure 3). Comparing seasonal emergence between
July 13 and November 2 among the 3 yr, seedlings
emerged between August 24 and October 10 in 1988,
whereas in 1990, all seedlings emerged before August
24. In 1989, volunteer wheat emerged from July 27 to
October 29, differing with emergence in both 1988 and
1990.

Possible Causes of Variability. Being able to predict
longevity and emergence characteristics of volunteer
wheat would help producers in devising management
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Figure 3. Seedling emergence of volunteer wheat between July 27 and No-
vember 2 for (a) 1988, (b) 1989, and (c) 1990. Data were collected during
fallow in a no-till system at Akron, CO. (Adapted from Anderson and Nielsen
1996.)

strategies. As noted above, volunteer wheat emergence
is extremely variable. Understanding the causes of this
variability will help producers identify situations where
seed longevity may be favored.

Shedding. Harvest efficiency can vary considerably; seed
losses at harvest range from 0.8 to 6% of crop yield
(Cussans 1978; Komatsuzaki and Endo 1996). Harvest
efficiency also is affected by relative humidity because
more shattering occurs under drier conditions (Pickett
1993).

Wheat cultivars differ in natural seed shedding before
harvest. Pickett (1993) found that cultivars varied three-
fold in natural shedding; one cultivar lost 16% of its
seeds before harvest. Also, natural shedding is accentu-
ated when harvest is delayed because shedding increases
with plant age. Cultivars also differ in ease of threshing;
some cultivars retain more seeds in spike or head rem-
nants dispersed with screenings. If seeds remain within
glumes of the head, they remain dormant longer (Ho-
rovitz 1998; Komatsuzaki and Endo 1996). Hail is prom-
inent in some regions where wheat is grown. Not only
is shattering increased by hail, but also heads containing
seeds are often broken off. Extensive head loss will pro-
long seedling emergence.

Dormancy. Wheat seeds usually are dormant at matura-
tion. This condition, referred to as primary dormancy, is
a period of time when a seed will not germinate even if
environmental conditions are favorable (Foley 2001).
Transition of dormant seeds to a germinable state is
called after-ripening and involves chemical and physio-
logical changes in the seed. With wheat, some initial
short-term dormancy is desirable to prevent preharvest
sprouting (Picket 1989).

With volunteer wheat, duration of primary dormancy
can vary considerably. One source of variability is cul-
tivar genetics; Komatsuzaki and Endo (1996) found that
the duration of dormancy varied sixfold among cultivars.
Another cause of variation in dormancy is environmental
conditions during seed formation; extremes of tempera-
ture and moisture may increase dormancy (Pickett 1989).
Hilhorst and Toorop (1997) suggested that a crop’s
‘‘wild’’ background may reappear if seeds form under
stress conditions. Seed dormancy has been quantified for
two ancestral species of winter wheat, jointed goatgrass
(Donald and Zimdahl 1987) and wild emmer (Triticum
turgidum var. dicoccoides) (Horovitz 1998). One year
after seed shedding, more than 20% of jointed goatgrass
and wild emmer seeds were still alive in soil, whereas
more than 2% of seeds of both species persisted 2 yr.
Thus, volunteer wheat has a genetic background favoring
dormancy.

Nitrogen management also affects wheat dormancy.
Morris and Paulsen (1985) found that wheat seed dor-
mancy was related to nitrogen concentration in seeds.
Preharvest sprouting of wheat was more prominent if
high rates of nitrogen fertilizers were applied during the
growing season. However, this relationship varied among
cultivars and also interacted with environmental condi-
tions during seed development.

Seed dormancy also is affected by environmental con-
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Figure 4. Multiple factors that influence development and persistence of dor-
mancy in volunteer winter wheat.

ditions after shedding. Pickett (1993) reported that after-
ripening is delayed if seeds remain in moist conditions,
whereas it is enhanced by extremely dry conditions. In
contrast, dry conditions during optimum soil tempera-
tures preclude germination, subsequently lengthening
seed longevity in soil. Because environmental conditions
vary considerably in semiarid regions, it will be difficult
to predict stress-induced dormancy with volunteer wheat.

A further concern is that hybrids of winter wheat and
jointed goatgrass are present in winter wheat fields (Sny-
der et al. 2000). Hybrid seeds may persist longer than
volunteer wheat because hybrids express genetic traits of
both parents. With jointed goatgrass, more than 2% of
the seeds were still alive 2 yr after burial in soil, and
some seeds persisted for 3 yr (Donald and Zimdahl
1987).

Production choices. Producers also can affect volunteer
density in wheat by their management decisions. In
northeastern Colorado, the optimum seeding period for
winter wheat is September 10 to September 25. Yet, on
soils prone to wind erosion, producers plant winter wheat
in late August to increase plant growth in the fall; the
greater biomass helps minimize wind erosion. Also, un-
timely rain can delay planting such that winter wheat
may be planted in early October. Volunteer wheat emer-
gence can differ considerably between these seeding
dates. Using the 1988 emergence pattern from the Col-
orado study as an example (Anderson and Nielsen 1996),
153 volunteer seedlings would have emerged in winter
wheat planted on August 31, contrasting with only 16
seedlings if winter wheat was planted on October 1.
Seedling emergence differed almost 10-fold between the
two seeding dates.

MANAGEMENT IMPLICATIONS

Production systems with herbicide-resistant wheat will
need to address two characteristics of volunteer wheat.
First, volunteer wheat seeds can survive in soil for at
least 16 mo and may, in some situations, survive for 2
yr. Second, seedling emergence and seed longevity in
soil is extremely variable, as shown by differences in
seedling emergence among years in the Colorado study
(Figure 2).

Factors influencing volunteer wheat dormancy are nu-
merous (Figure 4); the multitude of possible interactions
among these factors makes it difficult to predict seed
longevity. For example, nutrient levels or water avail-
ability can vary within a field (Carr et al. 1991). Variable
nitrogen levels will lead to different nitrogen concentra-

tions in seeds; consequently, dormancy as affected by
nitrogen concentration can vary in grain from different
areas in the field. Pickett (1989) also suggested that or-
ganic matter level in soil affects seed longevity; more
organic matter favors microbial consumption of seeds.
Because organic matter levels can vary considerably
within a field (Williams et al. 2001), seed survival may
vary among areas of the same field.

Success in managing volunteer wheat will be influ-
enced by how frequently wheat is grown in the rotation.
In areas where alternate crops are available, producers
can easily integrate herbicide-resistant wheat into their
production systems. Crops other than wheat provide
more options to control volunteers of herbicide-resistant
wheat, whereas longer intervals between wheat crops re-
duce the probability of volunteers infesting future wheat
and transferring genes by pollen flow. Especially favor-
able would be rotations designed in a cycle of 4 yr with
different crops, such as winter wheat–corn (Zea mays
L.)–sunflower (Helianthus annuus L.)–fallow (Anderson
et al. 1999). The 3-yr interval between wheat crops in
these rotations drastically reduces volunteer wheat den-
sity, whereas crop diversity provides flexibility to choose
herbicides with different modes of action to minimize
the development of resistance.

In areas where alternative crops are not economically
viable, the common rotation is either wheat–fallow or
continuous wheat. Herbicide-resistant cultivars will in-
crease weed control options in these rotations; yet, a key
concern will be controlling volunteer wheat. These ro-
tations are especially vulnerable to pollen flow because
volunteer wheat will infest the following wheat crops.
Even though wheat generally is self-pollinating, the
probability of gene transfer can be high as outcrossing
with some cultivars approaches 6% (Hucl 1996). Fur-
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thermore, moisture stress during flowering increases out-
crossing in wheat (Briggs et al. 1999).

A concern with glyphosate-resistant wheat is that ef-
fective and affordable herbicide options may not be
available to control volunteers during noncrop periods
(Lyon et al. 2002), leading producers to rely on tillage
for control. Pickett (1993) suggested the following strat-
egy for tillage based on ecological traits of volunteer
wheat. After-ripening of seeds is favored by hot and dry
conditions; leaving seeds on the soil surface after harvest
will encourage after-ripening. When environmental con-
ditions become more favorable for germination in the
following months, tilling fields shallowly to incorporate
seeds in soil will stimulate germination. Tillage should
be shallow because seed persistence increases with depth
in soil; Cussans (1978) suggested not tilling more than
9 cm deep to avoid burial-induced dormancy of volun-
teer grains.

However, tillage has negative consequences in semi-
arid production; water-use efficiency and crop yields are
usually less if tillage occurs during fallow (Peterson et
al. 1996). A second negative aspect is that tillage reduces
residue cover, thereby increasing soil erosion. Spring
wheat–fallow would be especially vulnerable to erosion
because fallow lasts 22 mo.

Tillage would not be favorable for rotations with con-
tinuous winter wheat because volunteer wheat emer-
gence is greater during the first fall with shallow tillage
than with a no-till system (Anderson 1998b). Therefore,
producers with continuous wheat will have to rely on
herbicides with different modes of action to eliminate
volunteers in wheat. A possible option with continuous
wheat is to delay planting, thus allowing volunteer wheat
that emerges before planting to be controlled. Yet, this
strategy can be detrimental to crop growth and grain
yield if wheat is planted too late (Cook and Veseth
1991).

Herbicide-resistant cultivars provide new opportuni-
ties to control weeds in wheat. Yet, volunteer wheat re-
quires additional management to ensure that pollen flow
is minimized, especially in rotations where wheat is
grown frequently. A striking demonstration of this con-
cern is the transfer of imazamox resistance to jointed
goatgrass after only 2 yr of imazamox use (Seefeldt et
al. 1998). Without considering volunteer wheat manage-
ment, effectiveness of this technology may be compro-
mised rapidly by pollen flow. Producers are facing a par-
adox with herbicide-resistant cultivars; rotations where
this technology may be the most helpful for weed control
are also the most favorable for volunteer wheat infesta-
tions and pollen flow.
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